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ABSTRACT 


in this paper the generation is described of monodisperse 
submicron particles of controjled size by ablation fvom 
transpiration-coojled potous matrices, 

A new experimental apparatus is illustrated which has bee. 
realized in the Istitut: di Fisica Tecnica - Politecnico 
di Torino ~ Italy, and whicsi ts based on previous works 
in cooperation with the University of Minnesuta, USA and 
the Sonderforschungsbereich “0, Universitdt Karlsruhe, 
West Germany, 


In tbe new version or the apparatus an ewternal heat source 
{a plasma jet) heats a porous matrix up to ablation 
temperatures and particles are generated by ablation of 
the porous material itseli, The temperature of the ablated 
surface of the porous matrix is controlled by a flow cf 
gas transpiring through the matrix, which also quenches 

and dilutes the particles foimed in the ablation process, 
Particles can be generated trom any porous materiai of 
sufficiently fine structure and uniform porosity, in 
particular from graphite, tungsten, ceramics, etc. 


‘ Y This work has been sponsored by the Italian Nationai 
Research Council, Centro Nazionale delle Ricerche, 


\° J} Cesare V.Boffa, Protessor, 
Augusto Mazza, Graduate student. 


Delfino Maria Rosso, Laboratory technician, 


The experimental apparatus is described as well as the 
particle measuring techniques, based on the utilization of 
a calibrated T.S.I. Model 3030 Whitby Electrical Aerosol 
Analyzer, 

Experimental results are given referring to the generation 
of submicron graphite particles. The measured number, 
surface, and volume distributions of these particles are 
given, together with the logarithmic standard deviation &eg, 
The results show that, for the generated particles 

1.13 <¢g < 1.32. 
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This. report describes a vuew approach for the generation of 
monsdisperse aerosels with ore presentiy ct Interest for 
ali N\inds af medical and air pollution vesearch, Including 
evelusting aerosol sampli-.g an’ measuring ¢quipment, ait 
cteaner evaluation. inhalabirn - .udies, and for interre14- 
ted studies, Although numerous research-type aerosol 
generators utilising electric arcs have been cdevelcped = or 
scropesed for generating monodisperse aerosols ranging from 
O,02 to 20 san, there is at present no cel table method 
available for menerating ultrarine, monodisperse aerosols 
vor a wide spectrum of materiazis, and in particular of 
refructory materials, based on the utili»ation of electric 
BPOD » 

Aerosol generation by means of electric arcs between solid 
electrodes relies on the high temperature of the attachment 
spots at the electrodes which causes an evaporation of some 
electrode material, This metal vapor, if cooled rapidly, 
condenses into an aerosol, The properties of the aerosol 
particles, including thei: size, depend on a number of 
parameters, particularly on the temperature distribution at 
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and in the vicinity of the arc attachment spot, It has not 
been possible to generate particles with a nearly uniform 
size or monodisperse particles under these conditions becau 
se of the temperature variations and the varying conditions 
at the location at which individual particles are generated, 
The time needed to collect a sufficient number of particles 
is large compared to the characteristic time during which 
changes on the surface occur, i.e., the relevant parameters 
cannot be held constant during this period, The main reason 
for these varying conditions lies in the nature of the 
attachment spot of the arc which moves more or less quickiy 
over the electrodes, even if current and voltage do not 
fluctuate appreciably. 

But these variations, in addition to the explosive character 
of the vaporization process, change the conditions for the 
aerosol production so rapidly that for any useful lengti. oF 
time the produced aerosol has a wide distribution of its 
particle size, 

Various experimental configurations have been suggested for 
the production of aerosols with these techniques (Chace et 
alsl, Reichelt”, Holmgren et als3, Kuhn4) employing bot!. 
high and low intensity arcs, Solid electrodes have been 
used by all investigators, The electrodes have frequentis 
been cooled by a conventional water cooling system, espe- 
cially in conjunction with high intensity arcs, With law 
intensity arcs coagulated and chainlike particles are produ 
ced. The size distribution of tnese particles covers a wide 
range, from approximately 100 to 1600 §& (Reicheit?) aug as 
poorly controlled, Better results nave been obtained by 
using high intensity ares (Holmgren et alss), The feed mate 
rial is incorporated in the bodvcf the anode which consu:ns 
a large fraction of the arc power, In most cases the salid 
electrodes are water-cooled and dilution gas can be blown 
through the arc, By varying the cooling rate of the elecire 
des and the dilution flow rate through the plasma in the 
region of maximum condensation, the particle size may to a 
certain degree be controlled, Monodisperse spherotdal shaped 
particles with a diameter ranging from approximately 106 to 
1000 4 have been obtained, 


The results of the above-discusecd investigations indicate 
that clectric arcs are a poor source for generating aerosola 
It seems to be impossibie to abtainu small monodisperse 
particles of uniform sice because coagulaticn occurs as 
seun us the particles are produced, In addition, the partic 
le generation process is characterized by strong non-uniror 
mibies which are difficult to control in conventional are 
arrangements with solid electrodes, 

During the past two years, a new method for the generation 
of ultrafine, monodisperse aerosol has been successfully 
eaplored (Boffa et als?}, This method makes use of a 
trauspjiration-cooled anode in a high intensity arc, In 
this situation, the aerosol is venerated continuously 
rather than ir an explosive manner at the strady attachment, 
spot which is the hottest nar1 of the anode surface, The 
transpiring gas passing through the anode provides 
quenching of the vapor an! an immediate diiution of the 
generated particles in the vicinity of the anode surface 
avoiding in this way coasuiation and formation of aggicme- 
rations. 

The method as such has been very successful, but the partic 
Je generator itself is a rather complicated device which 
requires skilled persenneil for its proper operation, The 
knowledge acquired during pre.ieous work has been, however, 
instrumental for the success of the new approach described 
ir this report, 

in the new approach here described the arc plasma source 
is entirely separated fron the body from which the acrosol 
is generated; but the basic feutures for the aerosol 
production process inherent to che previously-developed devi 
ce are retained, Instead of a transpiration cooled anode 
which is an integral part of the previously-developed plasma 
torch, a porous, transpiration-cooled body will be utilized 
heated by the plasma jet emanating from a conventional arc 
plasma torch, Since transpiration cooling tullfills two 
tasks simiitanecusly; namely, quenching of the generated 
vapor and dilution of the pari tcles formed in the queaching 
process, utilization of this mechanism is considered as the 
basic principle which also governs this approach, 


The separation of the heat source from the particle provi- 
ding surface has at least two important advantages over the 
previous method: 


I) The resulting particle generator is simple and straight 
forward to operate, and easily movable, as required by 
the experiments which will be performed in this research 
program, 

II) The useful parameter range for operation of this device 
and the associated flexibility is substantially enhan~ 
ced, 


EXPERIMENTAL APPARATUS 


The experimental apparatus consists essentially of a-commer 
cial power supply and control unit, which enable the 
operation of a plasma torch, which in turn represents the 
heat source, necessary for the operation of the aerosol 
generator, 

The plasma torch and the aerosol generator are schematically 
represented in fig. 1. 

The plasma torch consists essentially of a water cooled, 
thoriated tungsten cathode, with a conical tip, and a nozz- 
le shaped water cooled copper anode, coaxial with the 
cathode, Argon is injected tangentially at the base of the 
catode, thus providing a swirl flow around the cathode tip, 
which stabilizes the arc, This gas, passing through the arc, 
emerges from the anode nozzie in the form of a highly ener- 
gized plasma jet. 

The cooling of anode and cathode is provided by a water 
cooling system, as indicated in fig, 2. 

For an overall energy balance the cooling water flow is 
measured by means of flowrators, and the temperature increa 
se of the anode and cathode cooling water is measured by 
means of four thermocouples located in the water circuit 
immediately upstream and downstream from the electrodes, 

In this way the energy losses to the electrodes, that is the 
heat transferred from the arc to the anode and cathode, can 
be determined, The power in the emerging plasma jet can be 
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Fig. 1 Schematic of the plasma torch with ac:osol generator. 
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Fir. 2 Schematic of the experimental set-up. 
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calculated as the ditference between the electrical power 
dnuput and the power losses to the electrodes, carried away 
by the cooling water, 

As before mentioned,the plasma jet emerging from the anude 
nedszle enters the zcrosul generator Iocated on tor of the 
piasma torch and coaxiai with it. ; 

Th: aerosol generator itseli consists essentially of a 
transpiration cooled porous carbon nozzle, concentrical 
with the plasma jet, inbedded in a steel and plexiglass 
structure which supports the pormis aozzle and acts) as 
plenum chamber feeding the cooling gas to the nozzic itself, 
The cooling gas transpires through the nozzle and emerges 
into the plasma ict, dilutins the acrosol particles, which 
are continuously peodpoced by ublation trom the porous 
carbon nozzle inside sur®ace facing the plasma. 

A cylindrical plexiglass window surrounds the plenum cham- 
ber and seals it, by weane 3° "O" rings, Through this 
window pytumetric roadings of the outer surface temperature 
of the porous nozrie are pessible, The plenum chamber is 
equipped with an inlet for tbe cooling gas and with a pres- 
sure tap, The steel portion of the stroeeture supporting the 
porous nozzle is water cooled, 

The aerosol emorging from the seneratotr, in suspension in 
the argon gas, is coilected inte a eo m3 coilection chamber, 
where it can be additionally diluted. 

A biock diagram of the experimental setup is shown in 

tage 2s 

The aerosol sive distribution measuring systen cansists 
mainly of a calibrated T.S.1. Model 3030 Waitby Electrical 
Aerosol Analizer described e'sewhere (Liu et als”). 


EXPERIMENTAL RESULTS AND CONCLUSIONS 


ret 


The results referrine to carbon particles are summarized in 
fig. 3 to 7, 

in fig. 3 the normalived number disvributions of the produ- 
ced aerusols are depicted, corresponding to different 


values of the argon Flowr:ve transapiring through the ablat- 
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Fic. 3 Normalized number distributions of the generated aerosols. 
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ang porous matrix. Figures 4 and 5 show the corresponding 
normalized surface and volume distributions. 
All the data are taken with an arc current of 100 Amp. 
The results show that, for a given arc current value, the 
mean diameter of the generated acrosol decreases with 
increasing of the argon flowrate transpiring through the 
ablating matrix, 
This finding can be qualitatively understood considering 
the influence of the transpiring gas flow-rate on the tempe 
rature of the ablating surface of the porous nozzle. By 
increasing the transpiring mass Flow-rate, the temperature 
of the ablating surface and the associated rate of ablation 
decreases, yielding smaitler particle densities, lower 
ceagulation rates and, therefoie, smaller particle diameters. 
At the same time, an increase in transpiring mass flow-rate 
enhances the dilution of tlhe ablated particles in front of 
the surface, which decrease the coaguiation rate and, 
consequently, the particle size also. 
In fig. 6 the logaritmic stardard deviation is depicted as 
a function of the transpiring argon flowrate for an arc 
current of 100 Amp. 
It can be seen that for the penerated particles 1.13 <¢¢ < 
1.32. 
The logarithmic standard deviation, characterizing the 
ablated aeresol size distribution, is a decreasing function 
ef the transpiring mass fiew-vate, It is speculated that 
the gas transpiring through the ablating surface has a 
quenching effect on the partictcs immediately after they 
are produced, preventing them trom further coagulation. 
The higher the gas flow-rate, the smaller the number of 
particles which can undergo coagulation over an extended 
time period and randomly increase their size, resulting 
in a wider size distribution, On the basis of these results, 
it is obvious that, keeping the are current at the tixed 
value of 100 A,the logarithmic standard deviation decreases 


with increasing transpiring argon flowrate, as shown in 
L1G. 5. 
in tie. 7 the generated aerosol particles total num- 


ber density is plotted as a function of the transpiring 
argon Flowrate for an are wurrent ot L100 Am, 
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Fie.4 Normalized surface distributions of the generated aerosols. 
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Fig. 5 Normalized volume distriburions of the generated aerosols, 
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The total concentration values Nyot, corresponding is a 
given,mass flowrate, are plotted in dimensionless form 
according to the following relation: 


Meta ot _ AN oe 
Ne Ne 
tot tot 


where Nee = 8,736,000 [particle/ow' 7 is the referonce 
value and represents the total concentration correspondicg 
to a transpiring argon flowrate of 3.5 Ni/mia, 

The results given in fig, 7 are in agreement with the 
qualitative explanation of the aerosel production mechenisas 
given above, 

During the experiments consumption of the ratrix tekes 
place, and hence, for a given value of the are current and 
of the pressure in the plenum chamber feeding the trunsoi- 
ring gas through the matrix, the temperature of the matrix 
ablating surface decreases, This is due te the lover tenypr. 
rature attained by the ablating surface which can be atti 
buted to two main causes, One is related to the ablation 
of the matrix which enlarges the inner diametre of the 


matrix nozzle, decreasing the heat transrer rate Prem abe 
piasma to the unit area of the nozzie walis, The ooubor 
one is related to the increase of the trenspiriug @' gon 


tlowrate through the matrix. 

For a given value of the relative pressure in tie 

chamber and a given matrix temperature distribution tie se 
gon flow rate transpiring through the matrix is dnversely 

proportional to the matrix thickness, 

The ablation of the matrix reduces its thickne>s and Lucce 
fore the mass flowrate increases, This etfect is enhanc 

by the lowet temperature attained by the matrix, cansen os 
the decrease in the heat transfer rate from the plasma per 
unit area vf the matrix nozzle, related te the increase in 
the inner diameter of the ablating movzle. as abeve menvinv 


ned, 
Therefore during a long operatanon of the partticie generarvor 
the mean diameter tends to decrease, This cay be easily 
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compensated for by increasing the arc current and decrea~ 
sing the relative pressure in the plenum chamber for the 
fecding of the transpiring 263 through the matrix, 

Further experiments will be performed with arc current up 
to 300 Amp; various materials will be investigated such as 
tungsten, ceramic and stainless steel, which are available 
as povous matrices. Particles from other materials, which 
are not available as porous matrices, will be nenerated by 
mixing the material to be studied with graphite, Since the 
evaporation temperature of graphite is in most cases higher 
than that of other elements, it is expected that the admix 
ture predominately evaporates, producing aerosols of the 
desived material, 
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